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¢ Design Trade Studies 
— Propulsion 


Vertical versus horizontal takeoff 
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Potential: Infrastructures in Earth Neighborhood™* 
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* of Low Earth Orbits . 
(ahaa ey Penacenene com/reviving- the- -aerospace- plane- program/) 
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— A fully reusable Earth-to-LEO transportation system, using a revolutionary 
fo)me) elu] i(olamcy 10-1 a0 m=) ale me) eL=le-)acromuiinameolealanl-1ael-]m-lialia(-miarelecidavm ele-lan(accy 
could greatly reduce transportation costs to LEO for medium-weight (5-15 
NY MO I ok- ba Cek-Lekom (ale ant-) alow) ale mer] a-xe) B 
¢ To fully develop human presence in near-Earth space—commute 
Sith ale) apm colllalcymme(=ssvapar-lale) acymt-]ele)e-1ne)a(-yar-lalemaat-laleir-(aaelalatcar-lare 
construction facilities—we need safe, responsive, and resilient 
vehicles for routine transport and emergency rescue with wide- 
entry windows, wide-ranging flight paths, and low rates of entry 
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° Historically frereoertarion progress has been contiigent on’ 
revolutionary changes in propulsion modes. 

e Aviation transformed when jet-powered aircraft replaced 

propeller-driven aircraft. 


¢ The progress in space launch vehicles requires the replacement of 
rocket propulsion with air-breathing + rocket propulsion. 
— Anat flight anvikesimelaters 
ee : pacus Mach Oto 5.5 
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2 \Revoltionary Space Launch System 


° TSTO system ; _— ™~ = 
¢ Current launcher propulsion choices \ 


— Turbo/ramjet engines 

— TBCC engines 

— RBCC engines 

— Turbo/ramjet + rocket engines 


me ©] do) 1 X=1 0m 0) a0) O10} (e)ameale) (a= 
— Rocket engines 


° a peucab le. 200 missions 
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Launch Windows Rapid Rescue and rendezvous 
North Pole 


* Airbreathing reference SSTO Delivers 10K 
payload with 23° launch delta (92 minute 
launch window) 


* Rocket powered reference SSTO delivers zero 
payload with 8° launch delta 
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* Rocket-powered launch vehicles use substantially more propellant 
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ee for a given delta-v than systems with some airbreathing propulsion. 
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Advantages of Air-Breathing Propulsion 


Mass Allocations 


Same TOGW, SSTO Vehicles 
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Propulsive Performance: 


Engine versus Rocket Engine - 
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(Data adapted from DOI: 102514/6.2003-5265) 


Architecture 


ored thing systems provide increased margin and cost less to deliver payload. 
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Optimum Staging Mach Number NASA 
(DOI: 10.2514/2.5886) — 


Sensitivity of TOGW to staging Mach number Sensitivity of LCC to staging NWAFTol aim ale laalexeys 


Relative Total Program Costs 
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aijongabie Resiliency — Example 


*. (DOI: 10.2514/2.5886) 
Mission: 220 nm at 51.6° 


Max Down Range 


Cruise Back at Best Spec Range Mach | vr 7 Mach/Alt = 6.4/111K 
(Mach/Alt = 2/75K — Time = 31.9 minutes) 


Max Entry Dynamic Press: 


— eee Mach/Alt = 7.5/106K 
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Way Forward . © — 
° Revive the oleaVielo) aal-alclicela miele Maciel Uiulelar-lay Earth to 
Ko)'\Vas ok-] ada mela e)i mi ae-l aij ole) ae-ja(elamer-]er-] eli liave 
¢ Demonstrate reusability of a rocket engine for 200 missions 
¢ Demonstrate a Mach 5.5 turbo/ramjet engine > 
Flight test an X-plane (the first stage) > 
DY=AV(=1 fo) or-] ame) ol=1a-) ale) ar-] ma acl mc) t-he4= 
¢ Demonstrate a Mach 8 engine > 
Demonstrate a Mach 11 engine 
an DY =NV{=1(0) ob-] ae) X=) e-14(0)al-1 SUROM\ 10-00) 
— — Ait-breathing propulsion up to Mach 5.5 
PO pee AOE payload mono) Va=t-]adamelgeylt 
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